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$D\subset \mathbb{R}^{2}$ $u(t, x)=(u(t, x, y), v(t, x, y))$ ,
$p(t, x, y)$
$\{\begin{array}{ll}u_{t}+(u\cdot\nabla)u=-\nabla p, in [0, T]\cross \mathcal{D},divu=0, in [0, T]\cross D,u(O, x)=u_{0}(x), in D,u\cdot n=0, on [0, T]\cross\partial D.\end{array}$
$\psi(x, y)$
$divu=0\Leftrightarrow u_{x}+v_{y}=0\Leftrightarrow u=\psi_{y}$ , $v=-\psi_{x}$ . (1)









$\phi(x, y)$ $u=\phi_{x},$ $v=\phi_{y}$ $u,$ $v$
$\omega=0$ $\phi$ $\psi$ (1)
$u=\phi_{x}=\psi_{y}$ , $v=\phi_{y}=-\psi_{x}$ .















(3) $\mathcal{D}$ $G(x, y)$





$\frac{\Gamma_{m}}{2\pi}\log|x-x_{m}|$ $\psi(t, x)$ $\psi^{(m)}(t, x)$
$\psi^{(m)}(t, x)=\sum_{k\neq m}\Gamma_{k}G(x, x_{m})+\Gamma_{m}(G(x, x_{m})+\log|x-x_{m}|)\equiv\sum_{k\neq m}\Gamma_{k}G(x, x_{m})-\Gamma_{m}g(x, x_{m})$.
$m$




$H(x_{1}, \ldots, x_{N})=\frac{1}{2}\sum^{N}$ $\sum^{N}$ $\Gamma_{k}\Gamma_{m}G(x_{k}, x_{m})-\frac{1}{2}\sum\Gamma_{m}^{2}\mathcal{R}(x_{m})N$
$m=1k=m+1$ $k=1$
$\Gamma_{m}\frac{dx_{m}}{dt}=\frac{\partial H}{\partial y_{m}}$ , $\Gamma_{m}\frac{dy_{m}}{dt}=-\frac{\partial H}{\partial x_{m}}$ , $m=1,$ $\ldots,$ $N$ .
[15,18].
$\Gamma_{m}\frac{d\zeta_{m}^{*}}{dt}=2i\frac{\partial H^{(\zeta)}}{\partial\zeta_{m}}$, $m=1,$ $\ldots,$ $N$. (5)







$M$ $\{C_{j}|j=1, \ldots, M\}$









$D_{\zeta}$ (Schottky-Klein $P$ $me$ )
[4].
$\omega(\zeta, \alpha)=(\zeta-\alpha)\omega’(\zeta, \alpha)$ , $\omega^{l}(\zeta, \alpha)=\prod_{\theta_{i}\in\Theta’’}\frac{(\theta_{i}(\zeta)-\alpha)(\theta_{i}(\alpha)-\zeta)}{(\theta_{i}(\zeta)-\zeta)(\theta_{i}(\alpha)-\alpha)}$ . (6)






$D_{\zeta}$ Schottky-Klein Prime D. Crowdy J. Marshall[5]




1 $\{\Gamma_{m}|m=1, \ldots, N\}$ $N$ $D_{\zeta}$ $\{\zeta_{m}|m=1, \ldots, N\}$
$N$











$D_{z}$ $N$ $N$ $\Gamma_{m}$
$\{z_{m}|m=1, \ldots, N\}$ $\zeta$ $D_{\zeta}$ $D_{z}$
$z=f(\zeta)$ $H^{(\zeta)}$
$H^{(z)}$
$H^{(z)}(z_{1}, z_{1}^{*}, \ldots, z_{N}, z_{N}^{*})=H^{(\zeta)}(\zeta_{1}, \zeta_{1}^{*}, \ldots, \zeta_{N}, \zeta_{N}^{*})+\sum_{m=1}^{N}\frac{\Gamma_{m}^{2}}{4\pi}\log|f_{\zeta}(\zeta_{m})|$ .
$z_{m}=f(\zeta_{m})$ $f_{\zeta}$ $f$ $\zeta$ $H^{(z)}$
$D_{z}$ [23].
$\Gamma_{m}\frac{dz_{m}^{*}}{dt}=2i\frac{\partial H^{(z)}}{\partial z_{m}}=\frac{\Gamma_{m}}{f_{\zeta}(\zeta_{m})}(\frac{d\zeta_{m}^{*}}{dt}+\frac{i\Gamma_{m}}{4\pi}\frac{f_{\zeta\zeta}(\zeta_{m})}{f_{\zeta}(\zeta_{m})})$ . (9)
[7]






















$g(\zeta)=A[K(\zeta/\sqrt{\rho}, \rho)-e^{2i\chi}K(\zeta\sqrt{\rho}, \rho)-K(-1, \rho)-e^{2i\chi}K(-\rho, \rho)]$ . (10)
$A\in \mathbb{C}$ $\chi\in \mathbb{R}$ $\phi$ $s$
$K$
$K( \zeta, \rho)=\frac{\zeta P_{\zeta}(\zeta,\rho)}{P(\zeta,\rho)}$ , $P( \zeta, \rho)=(1-\zeta)\prod_{k=1}^{\infty}(1-\rho^{2k}\zeta)(1-\rho^{2k}\zeta^{-1})$
$P(\zeta, \rho)$ $D_{\zeta}$
Schottky-Klein Prime











1: (a) (b) $D_{\zeta}$ (c) $D_{z}$
$D_{\zeta}$ $\zeta=\sqrt{p}$ $\sqrt{\rho}$ $D_{z}$
$A$ 1
$\chi$ $\rho$ $D_{z}$ $\phi$ $s$
$|$J $t$ $D_{\zeta}$ $\kappa_{1}$ $\kappa_{2}$ $\alpha_{1}(t)$




$W_{U}(\zeta)$ $=$ $UA[K(\zeta/\sqrt{\rho}, \rho)-K(\zeta\sqrt{\rho}, \rho)]$ , (12)
$W_{V}(\zeta, t)$ $=$ $\kappa_{1}G_{0}(\zeta, \alpha_{1}(t))+\kappa_{2}G_{0}(\zeta, \alpha_{2}(t))$ , (13)
$W_{0}(\zeta)$ $=$ $-(\kappa_{1}+\kappa_{2})G_{0}(\zeta, \sqrt{\rho})$ , (14)
$W_{\Gamma}(\zeta)$ $=$ $\frac{i(\Gamma_{1}+\Gamma_{2})}{2\pi}\log R_{0}(\zeta, \sqrt{\rho})-\frac{i\Gamma_{2}}{2\pi}\log\zeta$ . (15)
$G_{0}( \zeta, \gamma)=-\frac{i}{2\pi}\log(\frac{|\gamma|P(\zeta/\gamma,\rho)}{P(\zeta\gamma^{*},\rho)})$ , $R_{0}( \zeta,\gamma)=|\gamma|^{2}\frac{P(\zeta/\gamma,\rho)}{P(\zeta\gamma^{*},\rho)}$ , $\zeta,$ $\gamma\in \mathbb{C}$ .
[5, 6] $W_{0}(\zeta)$









$D_{(}$ (7) (11) $\alpha_{1}(t)$
$I_{1}(t)$
$I_{1}(t)=- \frac{i\kappa_{2}}{2\pi\alpha_{1}(t)}[K(\alpha_{1}(t)/\alpha_{2}(t), \rho)-K(\alpha_{1}(t)\alpha_{2}^{*}(t), \rho)]+\frac{i\kappa_{1}}{2\pi\alpha_{1}(t)}K(|\alpha_{1}(t)|^{2}, \rho)$ (16)
$\alpha_{2}(t)$ $I_{2}(t)$
$I_{2}(t)=- \frac{i\kappa_{1}}{2\pi\alpha_{2}(t)}[K(\alpha_{2}(t)/\alpha_{1}(t), \rho)-K(\alpha_{2}(t)\alpha_{1}^{*}(t), \rho)]+\frac{i\kappa_{2}}{2\pi\alpha_{2}(t)}K(|\alpha_{2}(t)|^{2}, p)$ (17)
$\alpha_{m}(t)$





$\frac{dW_{U}}{d\zeta}(\alpha_{m})+I_{m}+\frac{dW_{0}}{d\zeta}(\alpha_{m})+\frac{dW_{\Gamma}}{d\zeta}(\alpha_{m})+\frac{i\kappa_{m}}{4\pi}\frac{g_{\zeta\zeta}(\alpha_{m})}{g_{(}(\alpha_{m})}=0$, $m=1,2$ . (19)
$D$
$\zeta_{m}$ $D_{z}$ $z_{m}$ $z_{m}=g(\zeta_{m})$
( 1(b) (c) ) $\zeta=\zeta_{m}$
${\rm Im}( \frac{dW}{d\zeta}(\zeta_{m}))={\rm Im}(\frac{dW_{U}}{d\zeta}(\zeta_{m})+\frac{dW_{V}}{d\zeta}(\zeta_{m})+\frac{dW_{0}}{d\zeta}(\zeta_{m})+\frac{dW_{\Gamma}}{d\zeta}(\zeta_{m}))=0$ . (20)
$\alpha_{1},$
$\alpha_{2}\in \mathbb{C}$ , $\kappa_{1},$ $\kappa_{2}$ ,
$\Gamma_{1}$ , F2 8 (19)











$\frac{UA}{\sqrt{\rho}}[K_{\zeta}(\alpha_{1}/\sqrt{\rho}, \rho)-\rho K_{\zeta}(\alpha_{1}\sqrt{\rho}, \rho)]+\frac{i(\kappa_{1}+\kappa_{2}+\Gamma_{1}+\Gamma_{2})}{2\pi\alpha_{1}}[K(\alpha_{1}/\sqrt{\rho}, \rho)-K(\alpha_{1}\sqrt{\rho}, p)]$
$- \frac{i\Gamma_{2}}{2\pi\alpha_{1}}-\frac{i\kappa_{2}}{2\pi\alpha_{1}}[K(\alpha_{1}/\alpha_{2}, \rho)-K(\alpha_{1}\alpha_{2}^{*}, \rho)]+\frac{i\kappa_{1}}{2\pi\alpha_{1}}K(|\alpha_{1}|^{2}, \rho)+\frac{i\kappa_{1}}{4\pi}\frac{g_{\zeta\zeta}(\alpha_{1})}{g_{\zeta}(\alpha_{1})}=0$, (21)
$\frac{UA}{\sqrt{\rho}}[K_{\zeta}(\alpha_{2}/\sqrt{\rho}, \rho)-\rho K_{\zeta}(\alpha_{2}\sqrt{\rho}, \rho)]+\frac{i(\kappa_{1}+\kappa_{2}+\Gamma_{1}+\Gamma_{2})}{2\pi\alpha_{2}}[K(\alpha_{2}/\sqrt{\rho}, \rho)-K(\alpha_{2}\sqrt{\rho}, \rho)]$
$- \frac{i\Gamma_{2}}{2\pi\alpha_{2}}-\frac{i\kappa_{1}}{2\pi\alpha_{2}}[K(\alpha_{2}/\alpha_{1}, \rho)-K(\alpha_{2}\alpha_{1}^{*}, p)]+\frac{i\kappa_{2}}{2\pi\alpha 2}K(|\alpha_{2}|^{2}, \rho)+\frac{i\kappa_{2}}{4\pi}\frac{g_{\zeta\zeta}(\alpha_{2})}{g_{\zeta}(\alpha_{2})}=0$ , (22)
${\rm Im}( \frac{UA}{\sqrt{\rho}}[K_{\zeta}(\zeta_{1}/\sqrt{\rho}, \rho)-\rho K_{\zeta}(\zeta_{1}\sqrt{\rho}, \rho)]-\frac{i}{2\pi\zeta_{1}}\sum_{\lambda=1}^{2}\kappa_{\lambda}[K(\zeta_{1}/\alpha_{\lambda}, \rho)-K(\zeta_{1}\alpha_{\lambda}^{*}, \rho)]$
$+ \frac{i(\kappa_{1}+\kappa_{2}+\Gamma_{1}+\Gamma_{2})}{2\pi\zeta_{1}}[K(\zeta_{1}/\sqrt{\rho}, \rho)-K(\zeta_{1}\sqrt{\rho}, \rho)]-\frac{i\Gamma_{2}}{2\pi\zeta_{1}})=0$, (23)
${\rm Im}( \frac{UA}{\sqrt{\rho}}[K_{\zeta}(\zeta_{2}/\sqrt{\rho}, \rho)-\rho K_{(}(\zeta_{2}\sqrt{\rho}, \rho)]-\frac{i}{2\pi\zeta_{2}}\sum_{\lambda=1}^{2}\kappa\lambda[K(\zeta_{2}/\alpha_{\lambda}, \rho)-K(\zeta_{2}\alpha_{\lambda}^{*}, \rho)]$
$+ \frac{i(\kappa_{1}+\kappa_{2}+\Gamma_{1}+\Gamma_{2})}{2\pi\zeta_{2}}[K(\zeta_{2}/\sqrt{\rho}, \rho)-K(\zeta_{2}\sqrt{p}, \rho)]-\frac{i\Gamma_{2}}{2\pi\zeta_{2}})=0$ , (24)
${\rm Im}( \frac{UA}{\sqrt{\rho}}[K_{\zeta}(\zeta_{3}/\sqrt{p}, \rho)-\rho K_{\zeta}(\zeta_{3}\sqrt{\rho}, \rho)]-\frac{i}{2\pi\zeta_{3}}\sum_{\lambda=1}^{2}\kappa_{\lambda}[K(\zeta_{3}/\alpha_{\lambda}, \rho)-K(\zeta_{3}\alpha_{\lambda}^{*}, \rho)]$
$+ \frac{i(\kappa_{1}+\kappa_{2}+\Gamma_{1}+\Gamma_{2})}{2\pi\zeta_{3}}[K((3/\sqrt{\rho}, \rho)-K(\zeta_{3}\sqrt{\rho}, \rho)]-\frac{i\Gamma_{2}}{2\pi\zeta_{3}})=0$ . (25)
$\alpha_{1}$ $\alpha_{2}$










$\mathcal{A}v_{i}=\sigma_{i}u_{i}$ , $\mathcal{A}^{T}u_{i}=\sigma_{i}v_{i}$ , $i=1,$ $\cdots 5$ .










1 ( ) $\alpha_{1}$ $\alpha_{2}$
$\sigma_{5}$ $\sigma_{\min}=\sigma_{5}$















4.4 (a rigid rod model)
$D_{\zeta}$ $C_{0}$ : $|\zeta|=1$ $C_{1}$ : $|\zeta|=\rho$











$x$ $y$. $F_{L}=F_{y}^{(0)}+F_{y}^{(1)}$ $y$ $F_{L}>0$ $F_{L}<0$. $F_{R}=F_{y}^{(0)}-F_{y}^{(1)}$ $F_{R}>0$ $F_{R}<0$
Brownian ratchet scheme
$\Gamma_{1}$ $\Gamma_{2}$ $F_{L}^{(v)}$ , $F_{R}^{(v)}$
$F_{L}^{(0)},$ $F_{R}^{(0)}$ $\triangle F_{L}=F_{L}^{(v)}-F_{L}^{(0)}$ $\triangle F_{R}=F_{R}^{(v)}-F_{R}^{(0)}$
45




















$F_{L}^{(v)},$ $F_{L}^{(0)},$ $\Delta F_{L}$ $F_{R}^{(v)},$ $F_{R}^{(0)},$ $\Delta F_{R}$
3(e) (f) $F_{L}^{(v)}<F_{L}^{(0)}<0,$ $F_{R}^{(v)}>F_{R}^{(0)}>0$
3(a) $\triangle F_{L}<0,$ $\Delta F_{R}>0$
5
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1-0.S-O.6-O.4-O.2 $0$ $0.20.40.60.S$ 1 $0$ 0.04 0.08 0.12 0.16 0.2
$x$ arclength
$-0.202$ $-0.201$ $-0.2$ $\sim 0.199$ $-0.198$ 025 03 035 04
$0$ 0.O4 0. $0S$ 0.12 0.16 0.2 $0$ O.O4 0.08 0.12 0.16 0.2
arclength arclength
3: (a) $s=0.6$ $\phi=$ OJ.8 (loci).(b)
(c) locus (d)
locus (e) $F_{L}^{(v)},$ $F_{L}^{(0)}$ $\Delta F_{L}$ (f) $F_{R}^{(v)},$ $F_{R}^{(0)}$
$\triangle F_{R}$
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